Salivary duct carcinoma (SDC) is a high-grade salivary gland malignancy with great morphological resemblance to invasive ductal carcinoma (IDC) of the breast. Rarely, female patients may have a past history of both SDC and IDC. When these patients present with distant metastasis, accurate identification of the primary tumor is particularly difficult. Additionally, rare metastasis of SDC to the breast and IDC to the salivary (parotid) gland can also present a diagnostic challenge. Our aim was to develop an immunohistochemical panel that reliably distinguishes SDC from IDC. We included all SDCs diagnosed from 1989 to 2016 (23 cases) and 29 treatment naïve and histologically similar IDCs. All cases were stained with androgen receptor (AR), estrogen receptor-alpha (ER-α), progesterone receptor (PR), HER-2, CK5/6, p63, and beta-catenin. The great majority (> 90%) of both SDCs and IDCs reacted positively to AR. The main discrepancy in the immunohistochemical profiles was a distinctly different reactivity to ER-α, PR and HER-2. While 28 IDCs (96.6%) reacted positively to ER-α and/or PR, the majority expressing both (82.8%) with a moderate to strong staining intensity, only 2 SDCs expressed ER-α (8.7%) and 5 others expressed PR (21.7%) with only one case expressing both (P value < 0.05). On the other hand, 8 SDC (34.8%) were positive for HER-2 while none of the IDCs were positive (P value < 0.05). ER-α, PR, and HER-2 may be helpful to distinguish SDC from IDC. Positive reactivity to ER-α, PR or both and negative HER-2 favors a diagnosis of IDC while ER-α, PR negative, HER-2 positive tumors are more likely SDC.
Introduction
Salivary duct carcinoma (SDC) is a high-grade salivary gland neoplasm first described by Kleinsasser [1] . It morphologically resembles a subset of invasive ductal carcinoma (IDC) of the breast [2] . This subset of breast carcinoma is ductal and has higher Nottingham histological grade. They may also have apocrine features. When examined by gene expression analysis, these tumors usually fall into luminal-B and luminal/AR positive breast carcinoma [3] . These IDC and SDC are composed of cells with ample eosinophilic cytoplasm that are arranged in nests, ducts, cribriform glands, and infiltrating cords in a desmoplastic stroma (Fig. 1 ). In addition, both can have in situ (intraductal) component with or without necrosis and calcifications. SDC most commonly occurs in the parotid gland, followed by the submandibular and minor salivary glands.
Salivary duct carcinoma represents 1-3% of all salivary gland malignancies [4, 5] . A recent review showed that 29% of SDC patients are women [6] . When these patients present with distant metastatic disease, the differential diagnosis may include both SDC and morphologically similar IDC. Rarely, female patients may have a past history of both SDC and IDC and may present with distant metastasis. Such a case prompted this investigation. Moreover, metastasis of SDC to the breast [7] and IDC to the parotid gland has been reported as well and is also a diagnostic challenge [8] .
Several authors have studied the morphology and immunohistochemical profiles of these two morphologically overlapping tumors [9] [10] [11] [12] [13] [14] [15] [16] . While some immunohistochemical stains may overlap, such as GATA-3 [17] , others can be helpful and suggestive of one diagnosis over the other. However, these stains cannot reliably distinguish SDC and IDC as some degree of overlap exists. Our aim was to develop an immunohistochemical panel to more reliably distinguish SDC from morphologically identical but biologically distinct IDC.
Materials and Methods
Study approval was obtained from the Washington University Human Research Protection Office. The laboratory information system was used to query for all SDC and IDC. All primary SDC with material available for review diagnosed from 1989 to 2016 were included in the study. Metastatic SDC were included only if the primary tumor was a known SDC and in the absence of tissue from the primary site. The diagnosis of SDC was confirmed by two Head and Neck study pathologists (SKE, RDC). Most recent consecutive resections of IDC were included if they were grade 2 or 3 by Nottingham histological grade [18, 19] , and morphologically resembled SDC (IDC with apocrine features) whereas those that do not were excluded (high-grade IDC with medullary features). IDC treated with neoadjuvant chemotherapy prior to resection were also excluded. Immunohistochemical stains with adequate controls were performed on representative sections from SDC and IDC. The stains performed were androgen receptor SP107 (AR), estrogen receptor-alpha SP1 (ER-α), progesterone receptor 1E2 (PR), HER-2 4B5, Cytokeratin 5/6 K5/6-D5/16B4 (CK5/6), p63-4A4, and beta-catenin-14 ( Table 1 ). All stains were performed on Ventana Benchmark automated immunostainer (Ventana Medical Systems, Inc., Tucson, AZ) according to standard protocols with positive and negative controls. Antigen retrieval, standard on the machine, utilized the Ventana CC1 buffer at pH 8.0 solution. The percentage of tumor cells staining and intensity (no staining, 1+, 2+, and 3+) were recorded and an Allred score was given for ER and PR stains [20] . Allred score combines proportion (scores from 0 to 5) and intensity (0-3) into a single score ranging from 0 to 8 with results ≥ 3 considered positive (> 1% nuclear staining of tumor cells per College of American Pathologists guidelines) ( Table 2 ). CAP guidelines were also used to interpret HER-2 stain (Table 3) . HER-2 was considered positive if more than 10% of tumor cells showed homogeneous, dark circumferential staining (3+). An equivocal (2+) HER-2 interpretation was given when circumferential membrane staining that is incomplete and/ or weak/moderate and within > 10% of the invasive tumor cells; or complete and circumferential membrane staining that is intense and within ≤ 10% of the invasive tumor cells. IDC equivocal (2+) HER-2 staining was followed by HER-2 FISH analysis for clinical care. Any staining was considered positive for the other stains. Chi square test was used for statistical analysis. 
Results
The total number of SDCs included in this study was 23, five of which were metastatic but with known salivary gland primaries. The parotid gland was the primary site in n = 16 (69.6%). Other primary sites were minor salivary glands (n = 5, 21.7%) and the submandibular gland (n = 2, 8.7%). 5 (21.7%) SDCs included were carcinoma ex-pleomorphic adenoma. The 23 patients had an average age of 60.7 years (range 47-79 years) and 73.9% were males. There were 29 IDCs included in the study, of which 15 cases were grade 2 and 14 were grade 3 by Nottingham histological grade. The mean patient age was 53.6 years (range 25-80 years) and all except one patient were female (96.6%). SDCs and IDCs shared some similarity in immunohistochemical staining patterns. Both were beta-catenin (membranous) and AR receptor positive in the majority of cases (> 90%) ( Table 4 ). In addition, both showed a subset of cases staining with CK5/6 and p63 in the invasive epithelial component. The triple negative (ER-α, PR, and HER-2 negative) IDC expressed these two stains. In the case of SDC, CK5/6 and p63 were expressed in cases with antecedent pleomorphic adenoma.
The main disparity in the immunohistochemical profiles was a distinctly different reactivity to ER-α, PR, and HER-2 ( Fig. 2a-f ). While 28 (96.6%) IDCs reacted positively to ER-α and/or PR, the majority expressing both (n = 24, 82.8%) with a 2-3+ intensity score (median Allred score = 8 for ER-α and 7 for PR), only 2 (8.7%) SDCs expressed ER-α (Allred score = 5 in both cases) and 5 (21.7%) others expressed PR (Allred score ranged from 3 to 4) (P value < 0.05). Only one (4.3%) SDC studied expressed both ER-α and PR. On the other hand, 17 (34.8%) SDCs were positive for HER-2 by immunohistochemistry (3+) while no IDCs were positive (P value < 0.05). SDCs that expressed ER-α had positivity that was either focal or weak. One case was strongly positive (3+) but only in 1% of tumor cells (Allred score is 2 + 3 = 5) and the other had weak intensity (1+) in a significant (50%) proportion of tumor cells (Allred score is 4 + 1 = 5). The average PR proportion score in SDCs was 15% (range 2-30%) and all cases had weak intensity score (1+) (Allred score ranging from 3 to 4). Of note, SDCs in women were all ER and PR negative (n = 6, 26.1%).
Discussion
Although SDC and a subset of IDC can be morphologically identical, their immunohistochemical profiles are different. ER-α, PR, and HER-2 were especially helpful in our series. Most IDC in our series express both hormone receptors. In contrast, only a minority of SDCs express either marker, with only one case expressing both. IDC and SDC share similar immunohistochemical profiles for AR, beta-catenin, (23) CK5/6 and p63. AR status maybe helpful in ER-α and PR negative tumors. In ER-α and PR negative SDC, AR status is universally positive (n = 18). On the other hand, our only case of ER-α and PR negative IDC in this study was also AR negative. However, it is difficult to draw conclusions based on this observation. The distinct ER-α and PR profiles have been shown in prior studies [11, 14] . For example, Wick et al. showed that none of the 17 SDC expressed ER-α, and only 17.6% expressed PR [14] . In the same study, they showed that 52.5 and 45.8% of IDC are ER and PR positive, respectively. A more recent study showed that 79.1% of IDC are ER/PR positive [12] . Similar to our findings, Wick et al. showed that 29.4% of SDC expressed HER-2 [14] . Although lower HER-2 expression has been reported by others [9] , its presence in the correct clinical setting can support the diagnosis of SDC [21] .
Similar to our study, high AR expression was previously reported in both SDC and IDC [9, 10, 15] . Others have suggested that all SDC express AR, and that AR negative SDC are extremely rare and should be reclassified [22] . In addition, a subset of SDC expresses p63 and CK5/6 [9] .
This study has several limitations. First, salivary gland specimens do not follow the same formalin fixation guidelines that are applied to breast specimens. This may affect the way tumor cells express ER-α, PR, and HER-2. Second, our IDC HER-2 expression is significantly lower than the literature [14, 23, 24] , and may partially be explained by a selection bias for cases that morphologically resemble SDC. Another possible explanation is differences in HER-2 antibody clones used in different studies [13] . Two of our cases with equivocal (2+) staining underwent HER-2 FISH analysis for routine patient care with one being positive for HER-2 amplification.
In summary, ER-α, PR, and HER-2 can help distinguish SDC and morphologically similar IDC. ER-α and PR positive tumors are more likely to be from the breast while HER-2 expression is more commonly seen in SDC. However, there is some degree of overlap especially with HER-2 staining, and therefore the immunophenotype cannot be relied upon to definitively separate IDC and SDC.
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